Abstract Objective To assess the relationship between cortisol slope, a biologic marker of stress, and postpartum weight retention. Methods We included 696 women in a secondary analysis from a multi-site study conducted using principles of community-based participatory research to study multi-level sources of stress on pregnancy outcomes. As a stress marker, we included salivary cortisol slope; the rate of cortisol decline across the day. Pre-pregnancy weight and demographic data were obtained from the medical records. At 6 months postpartum, patients were weighed and returned saliva samples. We built stepwise regression models to assess the effect of demographic variables, cortisol slope and cortisol covariates (wake time, tobacco use and breastfeeding) on postpartum weight retention. Results 45.5 % of participants were African American, 29.2 % White, and 25.3 % Hispanic. Of the Hispanic women 62.5 % were Spanish speaking and 37.5 % were English speaking. In general, participants were young, multiparous, and overweight. Postpartum, almost half (47.6 %) of women studied retained[10 lbs. In multivariable analysis including age, pre-pregnancy BMI and public insurance, cortisol slope was significantly associated with weight retention (b = -1.90, 95 % CI = 0.22-3.58). However, when the model was adjusted for the cortisol covariates, breastfeeding (b = -0.63, 95 % CI = -1.01 to -0.24) and public insurance (b = 0.62, 95 % CI = 0.20-1.04) were the two strongest correlates of weight retention. Conclusions for Practice The association between cortisol slope and postpartum weight retention appears to be influenced breastfeeding status.
Introduction
Peripartum weight retention can lead to obesity and an increased risk of diabetes, chronic hypertension, and premature death [17] . It is estimated that more than a third of reproductive aged women in the United States are obese [19] . Studies have found high rates (66-70 %) of postpartum weight retention [7, 27] which can lead to lifelong obesity [29] . Variation in weight retention appears to be related to factors including age, race/ethnicity, insurance type, breastfeeding, exercise, pre-pregnancy BMI, smoking, parity, and gestational weight gain [7, 27, 29] . The reasons for peripartum weight retention may also be associated with physiological changes that predispose women to obesity.
Potentially related to weight gain is chronic environmental stress leading to pathological changes in the hypothalamic-pituitary-adrenal (HPA) axis. The interactions of weight gain and psychosocial variables modeled by Bjorntorp and Rosmond [4] and modified by Pasquali [21] . They hypothesize that perinatal programming of the mother, fetus/child, psychosocial/socioeconomic handicaps, depression/anxiety, alcohol/tobacco use and genetic susceptibility provoke a ''stress reaction'' or arousal of the HPA axis and the sympathetic nervous system. Chronic exposure to the ''stress reaction'' can lead to hyper-arousal of the HPA axis and consequent aberrations in secretion of its primary byproduct, cortisol. Salivary cortisol has a distinctive secretion pattern throughout the day: waking values are high, a peak occurs approximately 30 min after waking, followed by a steady decline throughout the day [13] . Flatter cortisol slopes (the rate of decline in cortisol from waking to bedtime) have been associated with poorer health outcomes, such as depression, metabolic syndrome, cardiovascular disease, and increased breast cancer mortality [1, 5, 9] . Suboptimal patterns in cortisol secretion and hyper-activation of the sympathetic nervous system have been associated with centralized obesity in both women and men [21] .
Although chronic stress and the associated changes in diurnal cortisol patterns have been linked with both the development of obesity and its metabolic consequences, the relationship is complex [4, 21] . Several studies have demonstrated that women with visceral obesity have significantly higher levels of corticotropin (the pituitary hormone that stimulates adrenal cortisol) than normal-weight women [16, 20] . However, these studies were small, involved a homogenous racial/ethnic population and utilized multiple blood draws. Home collection of salivary cortisol presents a practical alternative to study a larger population of participants [1] . In obese women, a single measurement of salivary cortisol can be normal or low, due to increased urinary excretion of circulating cortisol, which further underscores the importance of repeat measures to calculate the slope [4] . Studies have suggested that women with obesity have flatter cortisol slopes (associated with less optimal health outcomes) compared to normal weight controls [15, 24] . However, these studies excluded postpartum women. Arguably, pregnancy and post-partum are the most vulnerable time for weight gain and weight retention [32] . Our objective was to use a previously created large prospective cohort to assess the relationship between cortisol slope and postpartum weight retention.
Methods
The study population was a subsample of a large, prospective study conducted by a group of community organizations and universities partnering with governmental support to gain new insights into the factors contributing to the disparities in maternal health and child development. A 5-year observational study was completed designed on the principles of community-based participatory research to better understand multiple levels of maternal stress, resiliency, and allostatic load (the cumulative biological burden exacted on the body through attempts to adapt to adverse environmental stressors) [21] in the inter-conception period. The methods and philosophy behind this study have been published elsewhere [25] . The study sites included three urban, one mixed urban/suburban, one rural location and a data coordinating center. IRB approval was obtained at each site and the research was conducted in accord with prevailing ethical principles.
Participants were primarily enrolled in the hospital following delivery (except one site which enrolled patients during their preconception care. Women age 18-40 years old with a live birth of greater than or equal to 20 weeks of gestation were approached. Women were excluded if they did not self-identify as Black/African American, White/ Caucasian or Hispanic/Latino (the target race/ethnicities), were not either English or Spanish speakers or were unable to give informed consent. In addition, as the primary study objective was to evaluate the inter-conception period, women who were unlikely to become pregnant were excluded. Thus, women who underwent permanent sterilization or had more than four children were excluded. Medical records were reviewed for delivery information.
Subjects completed an eligibility interview and were contacted within 1 month postpartum to complete a birth interview. Ninety minute face-to-face interviews were then conducted by dedicated, trained interviewers during home visits at 6 months.
Additional inclusion criteria for this secondary analysis required that morning and evening salivary samples be returned (n = 1166 women). Women were excluded if there were errors in collection (n = 81), current pregnancy (n = 20), current steroid use (n = 5), lack of documented pre-pregnancy or postpartum weights (n = 349). The maximum weight on the scales used to measure women was 350 lbs. Given this limitation, all women with a weight of 350 lbs or greater were also excluded from analysis (n = 1).
Biomarker Collection
At the 6-month postpartum visit, participants were given salivary sampling kits to collect over a single day at home on the day after the interview. Consistent with previously published protocols, [1] they self-collected saliva at wakeup, 30 min after wakeup and bedtime by expelling saliva through straws into sterile cryogenic vials. For wakeup and bedtime samples, a morning and bedtime diary, respectively, were completed by participants. All completed samples and diaries were mailed to the academic site. Samples were immediately logged and frozen at -80°F. They were then shipped to ZRT Laboratories (Beaverton, Oregon) where they were assayed. The reportable cortisol range was 0.3-14 ng/ml, with a limit of detection of 0.3 ng/ml. Inter-assay coefficients of variation were 7 % (11.8 ng/ml) for high range, 20 % (3.0 ng/ml) for mid-range, and 14 % (0.3 ng/ml) for low range (ZRT Laboratories, personal communication, July 30, 2012) . Cortisol slope was calculated by the equation: (cortisol bedtime -cortisol wakeup )/(total hours awake). A steeper cortisol slope indicated more diurnal decline across the day, is typically negative in sign and is associated with better health outcomes [1, 5, 9] . Our primary independent variable was the diurnal slope of cortisol.
Independent Variables of Interest
In addition to diurnal cortisol slope, independent variables of interest related to weight retention and changes in patterns of cortisol secretion included age, race/ethnicity, insurance status, sleep patterns, pre-pregnancy BMI and gestational weight gain [2, 3, 5-8, 14, 18, 22, 27-30] . Information prior to the 6 month visit was collected from a chart review including: pre-pregnancy BMI and gestational weight gain. Pregnancy weight gain was calculated by subtracting pre-pregnancy weight from weight at delivery, and was evaluated with respect to the IOM guidelines [11] . At the 6 month visit, participants self reported age, race/ ethnicity, insurance status, (public or private). Public insurance was a mix of non-private insurance including Medicaid, self-pay and other publically funded insurance or sliding scale programs. We used the patient's insurance status as a surrogate marker for socio-economic status as insurance status is both related to socio-economic status and other health disparities [12] . Maternal weight was measured at 6 months postpartum using scales brought by the interviewer that allowed a maximal weight of 350 lbs. Maternal height was also measured by the interviewer during one of the visits. BMI was categorized by the Institute of Medicine (IOM) criteria of normal 18.5-24.9 kg/m 2 , overweight 25.0-29.9 kg/m 2 , and obese
Dependent Variables
The main dependent variable was postpartum weight retention at 6-months postpartum, and was evaluated as both a categorical variable (\10, 10-20, [20 lbs) and a continuous variable. The weight retention categories (\10, 10-20, [20 lbs) were chosen based on our prior research on this data set [7] and another recent study looking at postpartum weight retention [26] .
Cortisol Covariates
Cortisol covariates collected at 6 months included tobacco use, contraceptive use, wake time, and breastfeeding. These covariates were included in the statistical models. Mothers were considered positive for breastfeeding if they were still breastfeeding at the 6-month interview which included both partial and exclusive breastfeeding. As this was a cross-sectional study, changes in of the above covariates were not assessed.
Statistical Analysis
Analysis proceeded as follows: (a) descriptive statistics including ANOVA, Fisher's exact test, Student's t test with Tukey post hoc testing as indicated (b) Pearson correlations were assessed between cortisol variables, postpartum weight retention variables and all other independent variables and covariates (c) and stepwise regression models, both ordinary least squares (OLS) and ordinal (for categorical ordered outcome variables). The initial regression models included pre-pregnancy BMI, age and cortisol slope then insurance status, race/ethnicity or both were added. In subsequent models, relevant cortisol covariates (tobacco, contraceptives, wake time, and breastfeeding at 6 months) were included to predict postpartum weight retention. Of note, pre-pregnancy BMI was included in modeling, but gestational weight gain was not due to missing data [7] . Natural logarithmic transformation was used to transform cortisol slope measures to a normal distribution. Interactions based on a priori literature including those between cortisol and both insurance and race/ethnicity, and interactions with breastfeeding by cortisol [1] , were assessed using interaction terms in the regression analysis. A p value of \0.05 was considered statistically significant. Analysis was conducted using SPSS Version 22.0 (IBM Corp. Armonk, NY: IBM Corp.)
Results
Inclusion criteria for this secondary analysis were met by 696 women. Most women in the sample were young, multiparous, non-smoking African-Americans with public insurance (Table 1) . Breastfeeding rates at 6 months significantly varied by race/ethnicity; White women had the highest rates (39.9 %, n = 81) followed by HispanicSpanish speaking women (33.6 %, n = 37), HispanicEnglish speaking women (27.3 %, n = 18) and African American women (12.3 %, n = 39) (p \ 0.01). Less than half of the participants included in our study started pregnancy with a normal BMI (42.7 %, n = 297).
Women gained an average of 31.1 ± 16.6 lbs during pregnancy with the majority of women gaining more than the Institute of Medicine guidelines (54.3 %). Most women did not return to their pre-pregnancy weight at 6 months postpartum (n = 524, 75.3 %) with an average weight retention of 11.1 ± 18.9 lbs. There were 331 women (47.6 %) who retained [10 lbs, 191 women (27.4 %) who retained between 10 lbs and 20 lbs, and 174 women (25.0 %) who retained [20 lbs . Of the women with normal pre-pregnancy weight, 69 (23.1 %) became overweight and almost 3 %, became obese. Over a third of overweight women became obese (n = 65, 35.1 %), and only 23 (5.8 %) of overweight or obese women had a normal BMI at 6 months.
We present our Pearson correlations between demographic variables and weight retention in Table 2 . Weight retention was associated with younger maternal age, African American race/ethnicity, public insurance, tobacco use, and not breastfeeding at 6 months. Likewise, steeper cortisol slopes were associated with younger maternal age, Hispanic or White race/ethnicity, and breastfeeding at 6 months. A flatter cortisol slope was associated with African American race/ethnicity, public insurance, and tobacco use.
We evaluated the relationship between weight retention and cortisol slope, and found a marginal correlation between weight retention during the postpartum period and cortisol slope ( (Fig. 2) . Interaction testing was not significant and thus we did not find effect modification. Of note, African American women had the flattest average slope compared to Hispanic-Spanish speaking women, White women and Hispanic-English speaking women [F(3,692) = 19.92, p \ 0.01]. These differences may be explained in part by lower breastfeeding rates in African American women as demonstrated in our descriptive analysis.
We analyzed the relationship between race/ethnicity and insurance status and found them to be strongly correlated. Only 31.0 % White women had public insurance compared to 72.7 % Hispanic-English speaking women, 80.4 % All data are presented as n (%) or mean ± standard deviation African American women, and 93.6 % Hispanic-Spanish speaking women (p \ 0.01). Therefore, we assessed multiple models including public insurance, race/ethnicity or both public insurance and race/ethnicity in our regression models. The interaction between insurance status and race/ ethnicity did not achieve statistical significance in either the ordinary least squares or the ordinal logistic regressions.
We created regression models with weight retention as a three-categorical variable (\10, 10-20, or [20 lbs) shown in Table 3 . First maternal demographic variables (prepregnancy BMI and age) and cortisol slope were regressed on maternal weight retention using ordinal logistic regression (Model 1). All three variables appeared significant and cortisol slope had the largest effect (b = 1.96, 95 % CI = 0.29-3.63). In Model 2, public health insurance was added and all variables remained significantly associated with weight retention. However, the effect of both age and cortisol slope appeared to be reduced suggesting that there may be an un-measured relationship between age, insurance status and cortisol slope. In Model 3, public health insurance was removed and substituted with race/ethnicity. Now, pre-pregnancy BMI, young age and African American race were significantly associated with postpartum weight retention. Of note, in this model, cortisol slope was no longer significantly correlated with weight retention. This finding suggests that race/ethnicity has a stronger correlation to postpartum weight retention than the cortisol slope and that the changes in the cortisol slope related to weight retention in Models 1 and 2 may be partially influenced by race/ethnicity. When both public health insurance and race/ethnicity were included (Model 4), public health insurance and African American race were significantly associated with weight retention, while cortisol slope was not. In Model 5, cortisol covariates were added in addition to the variables from Model 2 (Prepregnancy BMI, age, insurance status and cortisol slope). While age and public health insurance remained significantly associated with weight retention, cortisol slope was now marginally correlated, and age was no longer significant. Also, breastfeeding was significantly correlated with less weight retention. This model suggests that some of the correlation we had previously noted (Models 1 and 2) between flattened cortisol slope and weight retention may be influenced by breastfeeding rates. All variables were included in Model 6 which revealed significant associations between both public health insurance and breastfeeding with weight retention, and marginal correlations between pre-pregnancy BMI and African American race and weight retention. This final model suggests that Interactions were assessed and there were no significant interactions among independent variables and covariates in any of the models.
Comment
The relationship between changes in the cortisol slope and postpartum weight retention appears complex. Flatter cortisol slopes (associated with less optimal health outcomes) were seen in women who gained[20 lbs compared to those who gained \10 lbs. In the multivariate regression model which included BMI, age, and public insurance status, we found a significant correlation between flatter cortisol slope and weight retention. However, the effect of both age and cortisol slope appeared to be reduced suggesting that there may be an un-measured relationship between age, insurance status and cortisol slope. When race/ethnicity was included into the models, the correlation disappeared. This finding suggests that cortisol slope is not a strong marker for weight retention and is likely subject to racial/ethnic variation. Our findings were similar to other studies which evaluated postpartum weight retention and studies which evaluated racial/ethnic variations in cortisol slope. In our study, women who retained weight were more likely to be young, African American women with public health [10, 27] . Our findings were also consistent with other studies with regard to racial/ethnic variations in cortisol slope which may be partially explained by socio-economic status [5, 6] . Cohen and colleagues found that lower socioeconomic status (SES) (defined either by income or education level) was associated with flatter cortisol slopes in young, overweight women. In addition, they hypothesized that these relationships may be due to either allelic variation in glucocorticoid receptors, possible unmeasured stress or depression, or other unmeasured factors. Likewise, Desantis and colleagues found that African American and Hispanic teenagers had flatter slopes when compared to White teenagers. In her study, socio-environmental factors studied did not explain the observed racial/ethnic differences in cortisol slope. Taken together, these findings highlight that young, women from racial minorities may be particularly vulnerable to both peripartum weight retention and abnormalities in cortisol slope.
We found that cortisol slope was significantly associated with both weight retention and breastfeeding in the lowest (\10 lbs) and highest ([20 lbs) weight retention categories. These findings suggest a U-shaped relationship between weight retention and cortisol slope. A similar pattern of U-shaped relationship between BMI and cortisol slope was noted by Kumari et al. [15] where both participants with abnormally low and abnormally high BMIs had flatter slopes. In addition, our findings of a flattened cortisol slope in women with [20 lbs retention is similar to other studies that correlated postpartum weight retention and other biomarkers of poorer health including an atherogenic lipid profile [23] .
Perhaps our most interesting findings involve the role of breastfeeding and its relationship with weight retention and cortisol slope. Breastfeeding at 6 months was correlated with a more favorable cortisol slope in women with the greatest weight retention. In addition, breastfeeding was significantly associated with less weight retention in all models where it was assessed. Part of this relationship may be related to varying breastfeeding rates based on race/ ethnicity. These findings also correspond to emerging evidence that breastfeeding may prevent the development of obesity and cardio-metabolic disorders [31] . Wiklund and colleagues theorized that pregnancy induced fat deposition may be partially reversed due to the ''fluctuating web of hormones'' related to breastfeeding through increased prolactin which leads to (1) decreased estrogen and mobilization of adipose tissue, (2) inhibition of lipogenesis, and (3) decreased uptake of glucose in adipose tissue.
Our study has several limitations. Like other epidemiologic studies that evaluate salivary cortisol levels, there may be unmeasured variables or other covariates that underlie the relationships noted [1] . In addition, we do not have detailed information regarding exercise or dietary habits of the participants as these were not included in the original study. Also, the salivary samples for this report were only collected on 1 day at the 6 month postpartum time point and do not reflect longitudinal changes. Finally, breastfeeding was not limited to women who were exclusively breastfeeding which may have influenced the strength of the association between cortisol slope, breastfeeding and weight retention [28] .
There were several strengths to our study. These data were drawn from a large, diverse, multi-site prospective cohort. The data collection was designed on the principles of community-based participatory research with an oversampling of ethnic minority and low socioeconomic status women. This strategic sampling allows for more robust data and controls for common confounders. Unlike many retrospective studies, in our study postpartum weight was objectively measured rather than subjectively reported.
Our study adds to the growing body of literature that suggests certain groups of women, particularly young, African American women with public insurance, are at high risk for postpartum weight retention and adverse health outcomes. Our study also underscores the complex relationship between race/ethnicity, weight retention, breastfeeding, and cortisol slope. However, cross-sectional studies, like ours, may not fully capture chronic or longstanding alterations on the HPA axis. As such, a longitudinal prospective study to evaluate postpartum weight retention, across racial-ethnic groups and the changes in the HPA axis would greatly enhance our knowledge in these critical elements of women's health care.
